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(54) Mettiod for instainng a scralted reslHenl sheet alongside the Inner surface of a fluid conduit 

(57) A scrolled resiltent sheet (3) is installed against 
the Inner surface (4) of a fyd conduit (1) using a carrier 
tod (5) from wfiich a resiSenl sheet having an average 
thickness more than 2 mm and an elastic or pseudoe- 
lastic recovefat)le strain of at least 0.6% is released so 
that the sheet eotpands with an expansion fcxse which is 
sufficiently high to aRow the sheet to press itself into 
place alongside the inner surface of the conduit and to 
remain in place after installation. 
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Description 

Background of the tnvention 

[0001] The invention relates to a method for installing 
a saofled resilient sheet alongside the Inner surfece of 
afKtid conduit. 

[00021 It is known from US patent specifkations 
4.501 .327 and 5.040.283 to scroll a sheet around a car- 
rier tod and then move the carrier tool carrying the 
scroOed sheet through the conduit towards a kxatkxi 
where the resilient sheet Is to be installed, whereupon 
the sheet IS released from the carrier tod and alkjwed to 
expand towards the inner surface of the oorvluit 
[0003] US patent specTication 5.040.283 empk>ys a 
sheet made of a memory metal whk:h expands as a 
resuft of a temperature increasa A drawtMtcK of tWs 
method is that memory metals are expensive and are 
not readily available in large she^ 
[0004] US patent specif katton 4.501 .327 disck)ses 
the use of spring sted or alumtrtium as a resOient mate- 
rid. wNdi materials have an dastk: strain whk:h is 
0.59% or less (02% for dumidum) and that a suHdtile 
thkioiess for the sheet material is appraxknatdy 3/64 
inch (-1.2 mm). 

[0009] In this known method the resif ent materid is 
pressed agdnst the wait d the conduit when the carrier 
tod is pulled back through the expanded shed. 
[0006] Drawbacks d this known method are that a rd* 
ativdy thin shed materid is used whk:h can be easHy 
damaged and which has a resifiency whk:h is only suffi- 
dent to unscfoO the sheet but whk:h does not induce the 
shed to press itsdr into place dongside the inner waB 
of the conduit so that a find pressing step is stiB 
required. 

[0007] HisbeUevedlhatthekwwallthKknessofthe 
known aluminium or spring sted sheets and the rda- 
tlvdy fow expansion force are associated with the low 
elastic strain capacity d the materids used. 
[0008] It is an object d the present inventkm to elimi- 
nate these drawt)acks and to provkSe a method for 
Instdltng a scrdled resilient sheet afongside the inner 
surface d a fMd conduit whk:h afiows the use d a rda- 
tivdy thtak and robust shed whfoh is not easfly dam- 
aged after indallatton and whfoh does nd require the 
step d pressing the shed dongdde the wdl d the con- 
duit by means d an expandon tod. 

Summary d the Inventkxi 



lation and to remdn in place after installation. 
POIOI When used in this spedficatfon the tenmdastic 
strain rders to the yield stress-NtKJng's moddus ratio for 
materials which have a yidd point, like many carbon 

5 steels have, or the prod stress-Maung's modulus ralto 
for materials whk*i do not have a yield pdnt If the das- 
tk: strain is expressed as a percentage then sakj ralto's 
are to be multiplied by a factor d 100. 
[001 1 ] Prderably the resiiient shed has an average 

10 wan ttiickness d d lead 3 mm and is made d a titanium 
dfoy having an elastic modulus nd more than 115.000 
MPa and a prod stress d at least 825 MPa. so that tfte 
dastk: strain is more than 0.75%. 
[0012] Kisdsoprdenredlhattheresilientshedmate- 

15 rid has an average wan thki<nessd at lead 4 mm and 
is made d a Ti-6A1-4V dkay. 
10013] The shed may be a rectangular shed without 
perforations whk:h is used to provUe a sed or a patdi d 
an area where the wa9 d the conduit has been rvp- 

20 tured. damaged or eroded. Altemativdy the fidd oon- 
dut IS tonned by an inffow region d a hydrocarbon 
produdfon wdl and the shed is perforated d regular 
inten/ds and is installed dongside the inner surface d 
the weUbore to serve as a wdlscreen. 

26 [0O14] If the shed is to be scrdled to a very smdl 
diameter, for example if it is to be moved through con- 
strictions in the conddl thenrtcanbebendicidtouee 
a pseudoetastk: alloy as shed materid. Suitade pseu- 
dodastk: aBoys are Ti-16V-3AI-6Zr and TiNi. 

30 

gfjAf Pfsr-ripiion d the Drawinos 

IQ015] These and further featt^es. objects and advan- 
tages d the method according to the inventkm wiH be 
35 more fuDy appreciated by refdence to the fdlowing 
ddaHed descriptkm d a preferred embodiment d the 
inventfon which shodd be read in oonjundion with the 
accompanying drawings in which: 

40 Ftg. 1 is a schenudic skto devaliond viewdaresB- 
led shed whk:h is being placed inside a conduit in 
the form d a verlkal underground borehde; and 
Rg. 2 is a side view d an unscroBed resifierft shed 
which comprises cvcumlerienlid dots so that the 

45 diedcanbeusedasawdlscreea 

potAnurt nflBRfiptlon d the Prdeired Embodiment 



so 



[0009] Toward provkfing these and other advantages 
the method according to the present inventfon errptoys 
a resilient shed wtvch has an average wall thk:kn6ss d 
atlead2mmandandastk:orp6eudodastk; recovera- 
de strain d at lead 0.6% so as to induce the scrolled ss 
shed to expand with an expansion force wtvch is suffi- 
dendy high to allow the shed to press itsdf into place 
atoni^e the inner suriace d the conduit during instal- 



[0016] RddringnowtDRg.1therei68hGwnavertfod 
wdBsore 1 traversing an underground formation 2 and a 
resilient shed 3 whk:h is unsadling itsdf agdnd the 
wall4dthewdtxx'e1. 

[0017] The shed 3 has been towered into the wdtxye 
1 using a earner tod 5 whfoh is suspended on a wireGne 
6. 

[0018] The carrier tod 5 and wirdkie 6 are shown in 
the drawing in dotted Bnes. 

I0O1 9] Before kmering the canier tod 5 into the weB- 
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bore 1 the sheet 3 is scrolled around the tool S and fixed 
to the tool 5 using tack welds and/br dips. When the tool 
has arrrved at the location where the sheet 3 Is to be 
ir«talled the tack wekte and/or clips are released, for 
exanrple using exptosive devk;es which shear off the 
tack welds and/or cfips. 

[0020] The resilient sheet 3 has a thickness of at least 
2 nvn and an elastic strain of at least 0.6% which allows 
the sheet to develop a high e3q>ansion force so that it 
6j«)ands and presses itself into place against the waB 4 
of the weHbore 1 and to remain in place after instaOatfon 
even if the pore pressure of the surrounding formation 2 
is higher than the fluid pressure vvithin the vi«»bore 1 . 
[0021] When seen in circumferential direction, the 
ends of the resaient sheet 3 form flaps 7 virhere the 
sheet 3 has a reduced waB thk*ness. The drcumleren- 
tial length of the sheet 3 wOl be choeen sSghtty larger 
than the drcunntorence of the watt 4 of the weObore 1 
such that the flaps 7 win at least partly overlap if the 
resiGem sheet 3 has been expanded against said wall 4. 
Thus the flaps 7 wil create a shut-oft forleaks and win 
aeate a smooth and almost seamless internal bore of 
the expanded sheet 3 . To improve the sealing a further 
sleeve (not shown) of cellular rubber may be placed out- 
side the outer flap 7. This sleeve shoukJ be bonded 
along an axial fine, but not around the circumference of 
the flap 7. This is because the rubber has to stretch on 
unscromng. and must therefore slide over the flap 7 
which does not stretch. The interface may be lubricated. 
10022] In the assembly shown in Fig. 1 the flaps 7 are 
not taken into account for determinatfon cf the average 
waB thickness of the sheet 3. In aocoidance with the 
imentfon the average wall thidoiess of the sheet 3 is at 
least 2 mm whereas the wall thickness off the flaps 7 
may be less than 2 mm. Thus, when used in this speci- 
fkatkxi. the term average wall thickness off the sheet 
denotes the wall thickness of any parts of the sheet 3 
other than the flaps 7 and locations where the sheet 3 is 
perforated. 

[0023] The maximum average wall thickness T of a 
sheet 3 that wia fully eiasticaily unscroH can be esti- 
mated on the basis of the tonnula: 

T/d-TA)<Y/E 

where: 

d » the scrolled diameter of the sheet 

the relaxed diameter of the sheet 
Y - the yieU or proof stress of the sheet material; 

and 

Eo the elastic modulus of the sheet material. 

[0024] By virtue of its high elastic strain, viz. at least 
0.6% resulting from the contiination of low elastfo or 
Yumg's modiius (preferably not more than 115.000 
MPa) and Ngh proof stress (preferably at least 825 
IWlPa) the sheet according to the invention can have 



larger wall thickness than conventional resiiierrts 
sheets. Titanium alloys having an elastic modulus less 
than 150.000 MPa are partkxjiarly suitable for use in the 
sheet according to the inventfon. A Ti alloy grade 5 
5 sheet having an average wall thickness of 4 mm can be 
used for a 7" (1 7.5 mm) casing repair. A Ti-22V-4AI alloy 
sheet having an elastic modulus of 82 MPa arxJ thermo* 
mechanically processed to achieve a proof stress of 720 
MPa or greater can be used for the same repair wHh an 
w averagewallthk:lgnessof5nm 

I002S] Further, some metastable beta-titanium aBoys 
such as Ti-16V-3AI-6Zr with appropriate IhemrKxne- 
chanicat processing exhfoit pseudoelastfoity to an 
extent that woufo pemrit an average waQ thickness 
15 between 11 and 13 mm Tlf^wouW permit even greater 
wall tNdmss. These pseudoelastic aDoys can also be 
used to pernrvt saolltng to a smaller diameter when the 
sheet has an oven^ie wall tNdmss of several miffime- 
tres to allow installation through constrictfons. such as 
20 through-tubing operations in an oQ or gas productfon 
weH. 

10026] The large average wan thickness off the sheet 3 
is not only useful for creating a robust scrofi but also for 
enhancnig the spring force with whfoh the sheet 3 
2S unsoolls and presses itseH against the wall 4 off the 
wellbore 1. 

[0027] Referring now to Fig. 2 there is shown a view 
of an unscroaed sheet according to the inventfon where 
the sheet forms a weU saeen 10 which contains efon- 
30 gale circumfwential slots 11 thai are arranged in sub- 
stantially parallel rows both axiaDy and circumferentially 
aaoss the screen 10. vkrith no staggor between the rows 
of stots. The perforations are also tapered (not shown) 
In radial directfon 80 that ttie smallest wkAh of the perto- 
35 rattons is focated at the outer surface of the sheet when 
the slieet is scrolled. 

[0028] The tapered shape off the sfots 1 1 senras to 
avoid that sand particles which may enter the stofs 1 1 
coukl become stuck partway in the slots 11. 
40 [0029] Circumferential unstaggered slots 11 are pre> 
tarred to holes or nonnarcumf erenbaff siots because the 
operatfon off scrolling and unscroHing can be performed 
with minimal stress ooncentFofiorts in the screen mate- 
rial, while retaining maxmim spring force, strength and 
45 stiffness. 

10030] The srrolled weitsaeen shown in Fig. 2 can 
also be covered, preferably at the outer surface, with fil- 
ter material. OptionaRy the filter material can be sepa- 
rated from the surface off the screen 10 by a drainage 
so layer, for example coarse woven wire, so that the fluid 
passing throu^ the f ilter layer not immediate opposite a 
stotll in the scroll can flow to the stot 11 through the 
drainage layer. 

[P031] ThefiHer and drainage layers can be made of 
55 saofled sheets of filter and drainage material whk:h sur- 
round the screen 10. The sheets of the screen 10 and off 
the filter and drainage layers can be provkied with end 
flaps where the sheet has reduced thfokness in the 
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same way as shown in Fig. 1 in order to create a eeam- 
tess screen when the assembly of the screen 10 and 
suTOundinQ fitter and drainage layers unsaoRs itself 
against the weUbae or perforated productkm liner. The 
weOscreen can thus press itself directfy against the well- 
bore or perforated production finer, without an interven- 
ing annulus* thus obviating the need for gravel paddng. 
thereby reducing the risk of emion and stabiTizing the 



PNnq if desired, the overiapptng ends of the sheet or 
screen may be niaintatned in a fixed position relative to 
each ottier once the sheet has been expanded and 
installed witNn the conduit or welfcore. This may be 
achieved by welding or bonding the ends to each other, 
or by provicfing the overlapping ends with axial locking 
grooves or with ratchet prof ies that alkjw unsaoOing but 
prevent rMcroling of the sheet or ecreen. 

Claims 

1. A method for instaffing a saofled resilient sheet 
atongslde the inner surface of a flud conduit the 
method comprising the steps of: 

• saolKng the resHient sheet and securing the 
scroOed sheet to a earner tool such that the 
carrier tool carrying the scroHed sheet can be 
moved through the conduit: 

- moving the carrier tool to a location in the con- 
duit where the resilient sheet is to t>e installed; 
and 

- releasing the resilient sheet from the carrier 
tool thereby altowing the resilient sheet to 
eJ9)and towards the inner suritee of the con- 
duit. 

wherein the resSient sheet has an average woH 
tNckness of at least 2 mm and an eiastfo strain or a 
pseudoelastic recoverable strain of at least 0.6% so 
as to induce the scrolled sheet to expand with an 
expansion force whk:h is sufficiently high to aUow 
the sheet to press itself No place atongside the 
inner surface of the conduit durirtg inslallalfon and 
to remain in place after installation. 

2. The method of daiml. wherein the resilient sheet 
has an average wafl thickness of at least 3 mm and 
is made of a titanium altoy having an elastic modu- 
lus not more than 1 15.000 MPa and a proof stress 
of at least 825 ft^. 



vals and is instaDed afongsK^^ surface of 

the welibore to serve as a wellscreen. 

5. The method of claim 4. wherein the perforations 
5 consist of elongate drcunrtferentiat stots whktfi are 
arranged in substantially parallel raws both axiaHy 
and ctrcumferentially across the sheet* with no 
stagger between the rows of sfots. 

10 6. The method of datm 4, wherein the perforations are 
tapered in radial direction such that the snwilest 
width of the perforatfons is located at the outer sur- 
face of the scrolled resilient sheet. 

15 7. The method of dalml. wherein the resifient sheet 
has a thickness of at least 5 mm and is made of a 
pseudoelastic aBoy. 

8. The method of dann 7. wherein the aBoy is solution- 
20 treated Ti-1 6V-3Ah6Zr. 

9. The method of daim 7, wherein the altoy is TiNi. 
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3. The method of daim 2. wherein the resilient sheet 
material has an average wall thickness of at least 4 
mm and is made of a T1-6AI-4V alloy. 

4. The method Of daiml. wherein the fluid conduit is 
formed by an inflow region of hydrocaibon produc- 
tfon well and the sheet is perforated at regular inter- 
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